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ERRORS IN LONGITUDE, LATITUDE AND AZIMUTII 
DETERMINATIONS — I. 
By A. MceDIAxMip 
A POINT on the surface of the earth is defined geographically 
_ by its longitude and latitude, and the direction of one point 
from another is measured by its azimuth. In the determination 
of these three quantities, longitude, latitude and azimuth, all 
possible errors must be eliminated. In astronomical observa- 
tions the measured quantities, seconds of time or are, are small 
in magnitude, yet when transferred to units of length cn the 


surface of the earth are of considerable dimensions. At latitude 


45° one second of time is equivalent in longitude to 1077°9 feet, 


or one-tenth of a second means 107°S feet. An error of this size 
might easily enter if extreme care were not exercised ; it might 
come from errors in reading the level, from change in personal 
equation of the observer or from many other sources. If in the 
time sets the azimuth is poorly defined, an error of considerable 
dimension will exist in the clock correction. If the chronometer 
or clock used in the determination has an irregular rate, there 
might be a large error in the computed cleck correction for any 
instant. Also errors of considerable size may arise from the 


exchange of time signals between the two observers engaged in 
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the longitude work, These sources of error will be fuliy dis- 
cussed later. In latitude determinations the errors arise from 
three sources, inaccurate level reading, faulty micrometer setting 
and poorly determined declinations of the stars employed. In 
the azimuth observations the errors come from faulty setting on 
either star or mark, inaccurate time determinations, poor level 
determination, and from lateral refraction. 

Accurate astronomical observations are required for estab- 
lishing boundary lines, for checking land surveys, for giving 
base points for triangulation surveys, as well as for com- 
parisons with the data given by a geodetic survey, for the 
purpose of determining the true longitude and latitude of a 
point on the surface of the earth, and for the determination of 
the shape of the earth. <A small error in either longitude or 
latitude coupled with a small error in azimuth may carry with it 
the loss of valuable property, It may place large and valuable 
mineral deposits in possession of a people not the rightful owners. 
The valuable copper claims at the head of the White River were 
claimed by both Canadian and American prospectors ; and it was 
therefore vitally important that the l41st meridian which forms 
the boundary line between the Yukon territory and the district 
of Alaska, should be accurately determined. 

The errors in astronomical observations may be classified 
under three heads: instrumental, personal and catalogue. ‘The 
errors of the catalogues can only be reduced or eliminated by 
more fundamental observaticns at the fixed observatories. The 
stars used in time work are those on which many observations 
have been taken at the fixed observatories, and their defined 
positions have very small errors in either right ascension or 
declination, and consequently the errors either in time or longi- 
tude due to faulty star places are very small indeed. in azimuth 
observation, the stars employed are generally a Ursze Minoris, 
\ Ursee Minoris, 43 Hev. Cephei, 6 Ursze Minoris and 39 Hev. 
Cephei. The places of all these stars have been well defined by 
a great number of observations at the fixed observatories, and 


consequently the errors coming from defective star places are 
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small indeed. It isin latitude work that large errors come directly 
from errors of catalogue. These will be discussed later in the 
consideration of latitude observations. The personal and instru- 
mental errors entering into astronomical field work will in the 
course of these papers be discussed, and an attempt will be made 
to derive methods of eliminating as far as possible all these 
errors. 

In this paper it is the intention to discuss longitude deter- 
minations, treat briefly of the development of the present day 
methods, show how errors have been eliminated and attempt to 
derive some results which will be as accurate as possible. Lati- 
tude and azimuth observations will also be discussed in later 
papers with the same end in view. 


LONGITUDE 


‘The longitude of a place is the distance east or west of some 
fixed meridian. The meridian through Greenwich is the base 
for all our longitudes ; the longitude of Ottawa is the distance 
Ottawa is west of Greenwich, or, reckoning in time, the longitude 
of Ottawa is the time which the Greenwich clock will show at 
Ottawa midnight, or the longitude of Ottawa is the difference 
between Ottawa and Greenwich times. The difference of longi: 
tude between any two places is therefore the difference of their 
times. The problem of accurate longitude determination 
resolves itself into the problem of accurate time observation at 
the two stations whose difference is required, and a comparison 
of these local times, 


Previous to the introduction of telegraphic methods of 
longitude determination, longitude was determined from eclipses 
of the sun and occultations of the stars, by the methods of moon 
culminations, lunar distances, and by measurements of the 
moon's altitude or azimuth. All these methods depend upon 
the same general principle, v7: the moon has a comparatively 
rapid motion of its own, in consequence of which it makes a 
revolution about the earth in 27°53 days. “The elements of its 


orbit together with the effects of the various perturbing forces 
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being known, it is possible to determine the position of the moon 
at any instant of time; thus in the almanacs will be found the 
right ascension and declination of the moon several years in 
advance for every hour of Greenwich time. If at a place whose 
longitude is required the position of the moon is determined by 
observation ; the local time being noted, the ephemeris above 
mentioned gives either directly or through computation the 
Greenwich time corresponding to that position. A comparison 
of the Greenwich time with the observed local time gives the 
difference of longitude required. 

Some of these methods give fairly accurate results, but there 
is one difficulty which precludes the attainment of an accuracy 
commensurate with that obtained by the telegraphic method. 

The angular velocity of the earth on its axis, which is the 
measure of time, is twenty-seven times greater than the angular 
velocity of the moon in its orbit ; it follows therefore, that any 
errors in determining the moon's position, or of the ephemeris 
will produce errors in the longitude twenty-seven times as great. 
So, if the errors to be anticipated in determining the position of 
the moon are of the same order as those of determining and 
comparing clocks by electric telegraph, we might expect to reach 
an ultimate degree of precision by the latter method twenty- 
seven times greater than by the former. 

In the year 1ISSS, and again in 1896 Mr. William Ogilvie 
employed the method of longitude determination by moon cul- 
minations for the purpose of establishing the 41st meridian, 
which forms the boundary line between the Yukon territory and 
the district of Alaska. In 1906 a second determination was 
made by the telegraphic method ; and the two results only differed 
by about 567 feet, or by 56 of time. This is well within the 
limits to be expected. 


LONGITUDE BY THE ELECTRIC TELEGRAPH 


With the construction of telegraph lines to all parts of the 
world, there was placed at the disposal of the observers a means 


of accurately determining differences of longitude. The only 


; 
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error that can enter into the actual comparison of clocks over 
the telegraph wire is due to a difference in the transmission time 
between the eastern and western signals. In the year 1906 dur- 
ing the Vancouver-Boundary (1l41st meridian) longitude cam- 
paign an opportunity was afforded of testing the transmission 
times in opposite directions through repeaters. 

The distance from Vancouver to Boundary 1s nearly two 
thousand miles, and the wire, an iron one of number eight 
Birmingham, weighing 360 pounds to the mile, passes nearly the 
whole of its course through a thinly settled country, in fact, by 
far the greater part through a wilderness. ‘Through the woods 
a ‘“‘right of way’’ was cut some years ago, and the wire ts 
supported on trees from which the branches have been cut. On 
the line between Vancouver observatory and Boundary there 
were four sets of repeaters, one cach at Atlin, Hazelton, Ashcroft 
and Vancouver C.P.R. telegraph office. These repeaters, of the 
Weiny-Phillips type, were all alike, and their adjustments all 
similar, so that a good opportunity was afforded of making a test 
to ascertain if the transmission time under such circumstances 
would be the same in either direction. On the afternoon of 
September 4th the following experiment was carried out: (1 
excliange of arbitrary signals as usual, 20, 40, and 20 signals ; 
(2) repeaters reversed ; (5) repeaters reversed, poles reversed ; 
and (4) as usual, same as (1). ‘The last, (4) condition assured, 
compared with the first, (1), the determinations of the differ- 
ential rate of the chronometers for application to (2) and (3). 
It may be pointed out that there was no change made in the 
adjustment of the points of the repeaters in the various experi- 
ments. 

From these observations the transmission time going east, 
/.¢., going from Boundary to Vancouver is *°0225 less than going 
in the opposite direction. We say apparently, for the inter 
agreement of (1) and (4), (2) and (5), which should be iden- 
tical, is of a magnitude of that quantity. It is, therefore, not 
certain whether the difference of transmission times is apparent 


or real. It is in any case a very small quantity. 
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At about the time that this longitude campaign was being 
carried out, a series of experiments for the determination of 
transmission time through repeaters was made at the Dominion 
Observatory by Mr. R. M. Stewart. The first experiment con- 
sisted in measuring the time of transmission in both directions 
under different conditions of adjustment, due care being taken 
that all the adjustments were normal, and such as might easily 
occur in actual work. ‘The times of transmission east and west 


are given below for each adjustment : 


West 

Ss 
First adjustment ‘OLS ‘O54 
Second adjustment O16 ‘O69 
Third adjustment ‘O34 
Fourth adjustment ‘O39 QOS 


leach of these values is the mean of twenty signals; the 
probable error of each value works out about 8002 or 003. The 
effect on a longitude determination ranges from “026 to — *'015, 
an amount by no means desirable in primary longitude work. 

Whatever method of longitude is employed, it is necessary 
to determine accurately the errors of the chronometers. The 
researches of the past few vears have added much to the accuracy 
of time determinations. Formerly the observer obtained his 
clock correction by the ‘‘eye and ear’’ method of observation. 
The observer was obliged to carry the clock beats in his head 
and estimate to fractions of a second the instant that a star 
crosses the fixed lines in the reticule of the eye-piece. Errors 
of considerable dimensions were likely to enter, the largest that 
of the observer himself, commonly called his personal cquation. 
The personal equation between two observers was in large part 
eliminated by its determination, both before and after a longi 
tude campaign, or by an exchange of stations when the work 
was halfcompleted. Personal equation or personal error between 
two observers depends upon the physical condition, the ex peri- 
ence and temperament of the observers, as well as on the instru- 


ments employed. The existence of a large personal error is by 
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no means a mark of a poor observer. The two eminent observ- 
ers, Bessel and Struve, found in 1814 their personal equation was 
zero; in 1821 it was *’S and in 1825 it was an entire second ; in 
1825 the personal equation between Bessel and Argelander was 
1s°2. Bessel found when he used a clock beating half-seconds 
he observed transits °°49 later than when he employed a clock 
beating seconds. The changing of personal equation indicates a 
gradual formation of a fixed habit of observing. The ‘‘eye and 
ear’’ method was employed in the early work in this country 
and splendid results are connected with the names of Dr. King 
and Dr. Klotz. 

With the invention of the chronograph, the ‘‘ eve and ear’’ 
method of observation was replaced by the key method, and 
lately the key has been replaced by the travelling wire micro- 
meter. A sheet of paper is fastened to the drum of the chrono- 
graph, and any interruptions of the chronograph circuit are 
recorded on the chronograph sheet. When the key was used, the 
observer, on seeing the star image cross the fixed lines of the 
reticule, tapped the key placed in the chronograph circuit, and 
there was recorded on the chronograph paper the instants of the 
star transits. This process was carried out much more easily 
and accurately than by tne old method, but there still remained 
in many cases a large personal equation. From values of per- 
sonal equation obtained at the Dominion Observatory it appeared 
that the personal equation in key observations is neither a fixed 
quantity nor necessarily a small one. In May of 1905 Mr. R. 
M. Stewart and the writer determined their personal equation to 
be 096 + *O07. In November of the same year a second deter- 
mination showed the personal equation to be + O11. Mr 
Stewart during these observations was using the key, and the 
writer the travelling wire micrometer. During the winter of 
1905-06 Mr. Stewart made elaborate tests to determine his own 
personal equation, as well as the advantages, if any, of the 
travelling wire micrometer over the key as a means of making 
star observations. The results of his observations showed a differ- 


ence in recording transits by key and micrometer of *°445 + * O10. 
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‘The existence of this large personal equation led to the intro- 
duction of the travelling wire micrometer or transit micrometer 
as it is usually called. 

The important claim for the transit micrometer is that it 
wreatly reduces the size of the personal equation, and accordingly 
removes a great deal of the uncertainty of our time determina- 
tions. Observations with the transit micrometer for personal 
equation have been made at the Dominion Observatory during 
the past years. Vive observers were engaged in the work in 
1908 and 1009, and two observers in 1910 and 111 and 1912. 


A table of values of the personal equations is given below :- 


Observer 1905 1999 Igto tott (Apl.) (Sep. 
M.S 33 
( OO ( ) 
Og 
39 O70 yO s*OS7 2! 
A. M. 22 “060 00 000 


In the comparisons for 1908 and 1909 all the observers are 
referred to C. C. S., whose absolute personal equation seems to 
be nearly zero. The values of C.C.S., D. B. N. and W.C. J. are 
nearly the same for two years, while these of R. M.S. and F. A. M. 
while agreeing between themselves have changed relatively to 
the other three observers. In the figures for 1910 and 111 
the observer W. C. J. is referred to observer F. A. M. There is 
considerable change in the value of the personal equation between 
April, 1911, and September, 1911. The probable errors of the 
April and September determinations are of nearly the same size, 
and there appears no reason for the change. 

The instruments employed at the Dominion Observatory are 
the ordinary reversible type of Cooke transit with object glass 
of three inches aperture and of focal length three feet. Until a 
few years ago our time sets consisted of two clamps of seven or 
eight stars each, one polar and six or seven time stars. After 


applying the correction due to level and diurnal aberration, we 
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have for each star an equation of theform da + (e+ AT ~ 7, 
where a and ¢ are the azimuth and collimation errors respec- 
tively, C = secé, A = sine (od — 8), secdand A 7 is the clock 
correction. The fourteen or sixteen equations are reduced by 
least squares, giving equal weights to the separate observations, 
and hence are deduced the values of ¢, a, and A 7. The prob 
able error of A 7 is formed from the residuals of the separate 
stars. It has been the usual custom to ‘‘ balance’’ the set, that 
is, so select the stars that € 4 Oandéc = 0. 

Those who have been engaged in time work have noticed 
certain discrepancies which frequently show themselves in the 
results. In an extended series of observations for personal 
equation, the different values obtained, even on the same night, 
may sometimes, if not frequently, differ by one-tenth of a second 
of time or even more ; while the probable errors of the individ- 
ual sets do not exceed one-hundredth of asecond. Also in longi 
tude determinations, a fair average of the extreme differences 
during a few nights’ work would probably be one-tenth of a 
second or more; and the differences in clock error obtained 
by the same observers on the same night from = successive 
determinations are often of about the same order of magni- 
tude. From a comparison of the magnitude of these fre 
quent discrepancies with that of the corresponding probable 
errors, and from the fact that they do not follow the same law, 
and seem to have no connection, it is at once evident that the 
discrepancies are not the result of truly accidentai errors, but are 
systematic in their nature, that is to sav, that of two sets taken 
on the same night, one may be affected by a certain systematic 
error, the other by a different error, alsosystematic. An explan- 
ation which has been given and accepted is that there has been 
a change in the observer's personal equation. If this were so, 
then with observations taken with the transit micrometer we 
would expect these discrepancies to disappear, or to be greatly 
reduced. Mr. Stewart in his researches mentioned above found 
the range of discrepancies in the case of the key observations to 


be as high as 129 with an average of *049; in that of the 
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micrometer observations the range was as high as $103 with an 
average of ° 045; the average probable error of each set of obser- 
vations is ‘O11. It is well to note that on the night when the 
highest discrepancy with the micrometer occurred the probable 
errors of the two sets were 099 and ‘O11, while the discrepancy 
of ©1209 with the key occurred between sets whose probable 
errors were and 

The conclusion forced upon us is that these effects are 
practically independent of the instrument used, and therefore not 
due to personal equation. We must evidently look for some 
source of error which from its nature would not show itself in 
the residuals, which might systematically affect the result of a 
time set by a considerable quantitv, and which may vary from 
set to set. 

A faulty determination of azimuth seemed to be the most 
likely explanation. ‘This was also strengthened by the fact, 
that when the azimuths of the two clamps are reduced separately, 
they frequently differ by a considerable amount. It was also 
found that by observing more polars in each time set, and by 
making the reduction separately for each pair of polars, the 
resuiting clock correction depended largely on the polars chosen. 
From an examination of the discrepancies the conclusion is 
reached that nearly all the differences between the computed 
clock errors is due to azimuth only. Accordingly an increase in 
the number of polars in each set would better determine the 
azimuth error and give a more accurate clock correction. 

The transit instruments, Cooke Nos. 1, 2 and 3, have been 
reconstructed so that all the stars may be observed twice, once 
on each side of the line of collimation. The polars may be 
observed twice on each side of the line of collimation. The two 
observations are made over the same part of the field, and hence 
the error of collimation will disappear in the mean of the two 
observations. Also the weight of the combined observations is 
about 1°5 times that of a single observation. 

The correction for level is applied directly to the star's time 


of transit, and in many cases is a more or less uncertain quantity. 


| 
| | 


in Longitude, Latitude and Azimuth 


The pier on which the instrument rests is a block of concrete 
about six feet long, three feet of which are in the ground. But 
often the pier or instrument changes irregularly during the pro 
gress of a night's work. When the foundation is in a heavy 
clay, the pier generally acts satisfactorily, but sometimes there 
are changes which are difficult of explanation. 

The pier used at Winnipeg during the longitude campaigns 
of 1909, 1910 and 1911 behaved in a very peculiar manner. The 
level showed changes which followed no general law, and which 
were different on different nights. ‘The bottom of this pier is 
over six feet below the surface of the ground, and every care 
was taken in its construction to insure good results. During the 
observations of 1909 and 1910 the changes were very large and 
irregular, whereas in 111 the pier was fairly steady and the 
level readings consistent. The only explanation that presents 
itself to the observers is that in 1911 the ground around the pie1 
was in a more constant state than in the previous vears. When 
the observations were made in 1909 and 1910 there was a great 
deal of evaporation taking place during the day and a cooling 
down at night, while in 1911 the pier was practically sitting in 
a pond of water and there was little or no change due to the 
earth drying ont. Alsoin 1911 the time observations were taken 
much later in the evening than in 1909 and 1910. Great care 
should always be taken in the selection of a site for an observa- 
tory to insure a solid foundation, and to guard as well as possible 
against any changes due to cooling of the earth's surface. It is 
also not well to have the pier near the west or north slope of a 
hill. The pier at Gateway, B.C., was on a hill facing the sun ; 
on nights following bright clear days it was always found that 
there were large changes of level, while on nights following dark 
cloudy days the changes of level were invariably small. A rapid 
cooling down of the instrument or pier is undoubtedly one cause 
of this irregular level reading. 

On the following page is a copy of the computation of a time 
set taken at Winnipeg, on September %th, 1911. In the column 


headed Star is given the Leliner Astronomischen Jahrbuch star 
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number of the stars used; under 7 is the mean of the scalings of 
the chronograph breaks; under / is given the value of cos 
(@—4), sec. 6 for each star; under /%4 is the level correction and 
under Aderr. is the correction due to diurnal aberration. The 
column headed ( 7— 7.,) ™, is for the correction for clock rate ; 
a is the column for the right ascension of the star, and 71s the 
clock correction including the azimuth error ; the column / is the 
difference between the individual 7°s and the mean of the 7°. ; 


A is the value of s/z (@—8). sec. 6; T, is the mean of the 7’s of 


the time stars; and A 7), is the mean of the 7's of all the stars ; 
07is the value of the clock error as given by the least square 
solution ; a is the azimuth error of the instrument as shown by 
the least square solution; and /’is the residual from each star. 
The total clock error is A 7, + 67, or 7. The stars with 
the letter / are the polar stars for the determination of azimuth. 
DOMINION OBSERVATORY, 
OTTAWA, CANADA, 
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THE TIDES OF HUDSON BAY* 
By W. Dawson 


“THI chief interest attaching to the tides in this region is the 
successful outcome of the endeavor to discover tides of 
similar types in older harbors for which tide tables are calculated. 
This correlation has enabled immediate results to be obtained ; 
instead of adopting the lengthy and expensive plan of establish- 
ing tidal stations in these remote regions, to obtain a tidal record 
during a year or more as a basis for calculation. The proceedure 
adopted thus affords an example of the successful application of 
the method advocated by the writer, of classifying tides according 
to their various types, for purposes of reduction and calculation. 
(See this JouRNAL, July-August, 1907.) 
The tides in this region are chiefly important because the 
vreat range in Hudson strait gives rise to strong tidal streams ; 
and the shallow water around the shores of Hudson bay make 


the rise of the tide of consequence in entering the harbors. 


OBSERVATIONS AVAILABLE 


The earliest observations obtained were during the Gordon 
expeditions in 1884 to 1886. Observers were landed on the 
desolate shores of Hudson strait with instructions to observe the 
tides, the drift of the ice, and the weather. Those stationed 
along the strait during the first year were H. M. Burwell, W. A. 
Ashe, R. F. Stupart, C. V. DeBoucherville and A. N. Laperriére. 
The coasts were so unknown that their names were given to the 
localities ; as Port Burwell, Ashe inlet, Stupart bay, ete. These 
pioneers are thus commemorated. They were relieved in the 
following year by G. R. Shaw, J. W. Tyrrell, F. F. Payne, J 


*Delivered as a lecture to the Ottawa Centre of the Reval Astronomical 
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M. Mackenzie and P. Woodworth, who occupied the same series 
of localities throughout the length of the strait. 

The work was strenuous, mostly done in the dark, with 
lanterns to read the tide scales. With few exceptions, the 
observations were taken during twelve hours in the twenty-four ; 
sometimes in the day and sometimes in the night hours. They 
are thus broken and difficult to reduce. When the whole series 
was plotted out as tide curves, it was found that Ashe inlet at 
the centre of the strait, was the most complete and satisfactory 
station ; and it is also at the best situation in the strait, for tidal 
purposes, that could be chosen. 

In Hudson strait the range sometimes exceeds 50 feet ; but 
on entering the bay the tide spreads out and the range is much 
less. Observations have been obtained in recent vears at 
Churchill, Nelson, and Moose Factory in James’ bay. They 
were taken by readings on tide scales in the summer seasons of 
1910 to 1915 ; as there are no wharves vet, except at two points 
in James’ bay, where registering tide gauges have now been used 
in the summer. 

When the whole of this material was looked into, it was 
found that the earlier observations, though taken with so much 
pains and expense, had never been adequately worked up. It 
was evident, that with so much material, good results might be 
obtained and data for the calculation of tide tables secured, if 
any other harbors could be found where the tide is similar in 
type to these. It might thus be possible to calculate tide tables 
for these new localities by means of a difference in time from 
such harbors, wherever they might be situated. Before describ- 
ing the lines on which this research was carried out, we must 
first explain clearly the meaning of the /rfe of the tide, as well 
as the special characteristics of the tidein these regions. For, in 
correlating tides, it is not those that happen to have the same 
range that can best be compared ; as the type of the tide counts 
for much more than this. 


REDUCTION OF TIDAL OBSERVATIONS 


The modern method of dealing with the tide 1s known as the 
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Harmonic Analysis, due chiefly to Lord Kelvin and Sir George 
Darwin. The name ‘‘ harmonic’’ shows that it isin a general 
way similar to music; and to follow out this comparison may be 
the most inteiligible way to understand the matter. We know 
that musical notes are represented by very fine waved lines ; and 
any given tone is a perfectly regular series of similar undula 

tions. If we examine a phonograph record, or even a gramo- 
phone, we will see that the piece of music is represented by a 
very complicated wavy line; yet the special point to note at 
present is that after all it is a single continuous line. A whole 
orchestra is thus reduced to a zig-zag line which is made up of 
the individual tones of all the instruments ; the simple undula- 
tions from the vibrations of each being all combined into one 
exceedingly complicated result. The larger variations on this 
resulting line correspond with the rhythm or beat of the music. 

Now, when we turn to the tide, we have the reverse problem 
to solve. We have the final or resulting line before us, and the 
problem is to find out all the individual instruments that have 
contributed in making it up. This resulting line, as a tide curve 
shows, has a much wider and more uniform sweep than a phono 
graph record ; but none the less, it has proved in just the same 
way to be made up of a whole series of individual tones which 
produce the result. Its majestic curve is more like some old 
Gregorian chant ; but the time is slow in this music, and our 
ears are dull of hearing, and we d» not catch the grand 
cadences. 

In this great orchestra, it is the sun and the moon that take 
all the parts. We may say that the sun takes the bass and tenor 
and moon the soprano and alto. The total number of instrn- 
ments, or primary tones in the orchestra amounts to twenty 
eight. Some of these individual tones produce undulations as 
rapid as 6 or 8 to the day ; others are so slow as to have a period 
of half a month, a whole month, or even a year in length. 

It is thus no flight of fancy to compare these tide curves to 
music ; very slow music if you will, but really the same in 


character. For every movement of the moon and the sun, is 
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exactly reflected in the tide ; every variation in their distance or 
position has its effect. The tides in their physical way, are thus 
the most heavenly thing on the earth. So, Nature holds up to 
us the standard of perfection ; for if our thoughts and actions 
reflected heavenly influences with the perfect accuracy of the 
tides, the will of God would be done on earth as it is done in 
heaven. 


We cannot take space here to follow out these ideas into 
greater detail ; but instead of attempting to describe the individ- 
ual instruments, we must be content for our purpose at present 
to make a broad distinction between the various types of the 
tide ; just as we may distinguish the opera and the national 
anthem, the oratorio and dance music. 

TYPES OF THE TIDE 

There are then three leading tvpes of tide, in correspondence 
with the influence of the three movements of the moon which 
have the greatest effect. ‘hese may be thus summarized, with 
less avoidance of technical language than used in the lecture. 
(1) The synodic month of the moon's phases, which is the most 
generally recognized. (2) The anomalistic month of the moon's 
distance, from perigee to perigee. (3) The month of the change 
in declination of the moon, north and south of the equator ; its 
average length being the same as the tropical month. In the 
case of the sun, the change in its meridian altitude, due to 
declination, from summer to winter, is verv evident; but it is 
not so generally recognized that the moon does exactly the same 
thing in the course of each declination-month. When the moon 
is in high north or south declination, its attraction is oblique to 
the plane of the earth's equator ; and this gives rise to diurnal 


inequality in the tide. Each of the ‘‘ months’ above mentioned 
has its own special period; so that they necessarily over-run 
each other. It is thus possible for perigee to fall at the springs, 
and a few months later, at the neaps; or for the springs to be 
most affected by diurnal inequality at one date, and the neaps at 


another. 
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The most important fact to note is that these various move- 
ments of the moon have a very different effect upon the tide 
in different regions. Asarule, in any particular region some 
one of these movements has so preponderating an effect that the 
influence of the others is obscured. Or, it may be that two of 
them have a nearly equal effect and the influence of the third is 
difficult to detect. 

In the North Atlantic and notably on the coasts of Europe, 
the most marked feature of the tide is the variation from springs 
to neaps in the synodic month. ‘This probably accounts for the 
explantion of this feature exclusively, in the physical atlas and 
the school geography. But to assume that this is the leading 
characteristic of the tide evervwhere in the world and that all 
other influences may practically be ignored, is a mistake which 
has probably placed the chief obstacle in the way of a correct 
understanding of the tides generally. 

An example of the dominance of the anomalistic month is 
given by the Bay of Fundy ; where the variation in the range of 
the tide from perigee to apogee is distinctly greater than the 
variation from springs to neaps, with the moon's phases. 

The large development of diurnal inequality during the 
course of the declination-month is illustrated by Northumberland 
strait, where the difference in range between the two tides of the 
day is at times half as much again as the true difference between 
springs and neaps. The tide on the Pacific coast of Canada, and 
notably in the Strait of Georgia, is also of the declination type. 
The diurnal inequality is there so developed that it obscures 
every other feature in the tide ; and the springs and neaps can 
only be detected by a careful analysis. 

In regions where declination is thus the dominant element. 
the change in the declination of the sun during the vear may 
have a greater effect than any other of the moon's own motions. 
There is consequently a marked annual variation ; and the extreme 
tides of the year, due to inequality, necessarily occur at the 
moon's maximum declination which is nearest to the date of the 


solstice, in summer and in winter. 
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A fourth type of the tide, due to local influence and not 
astronomical, is the estuary type; which has a rapid rise and a 
slow fall. This may become so accentuated as to break and form 
a Bore. 

The enquiry why it should be that in different regions the 
tide is thus more influenced by one element in the moon's motion 
than another, is a question to which we can give no satisfactory 
reply. But the classification of the tides of the world into their 
various types on the lines here indicated, would probably offer 
the best hope of a correct understanding of the matter; whereas 
any stereotyped method of springs and neaps exclusively, will 
tend to let it remain in obscurity. Meanwiiile, the fact itself is 
a warning not to theorize too far, regarding the features that the 
tide ought to present in any new locality ; but rather to investi 
gate its actual characteristics, for purposes of correlation. 


TIDES OF HUDSON BAY 


In Hudson bay the tide is of two distinct types, one being an 
open-water type, as found at Churchill where the duration of 
the rise is longer than the fall, an unusual feature ; and the other 
anmestuary tide of an extreme kind, as exemplified at Nelson. 
‘This contrast in characteristics is quite similar in James’ bay ; and 
the tides at Churchill and Nelson are thus probably typical of 
the whole region. Their leading features are as follows 

Churchill Range at springs 15!';, at neaps 724 feet. 

Duration of Rise 6" Fall 6> 

Nelson Range at springs I4!., at neaps I1 feet. 

Duration of Rise 4" 20": Fall 8) O5" 

When the endeavor was made to find tidal stations which 
would serve as ports of reference for these harbors, it appeared 
possible that the tides of Hudson bay would prove similar to 
those of the North sea, The main tide, running up the Atlantic, 
branches to the east and west in centering these two water areas, 
where the land configuration is not unlike. If this conjecture 
Were correct, the tide at Nelson should be similar to the extreme 


angle of the North sea, between Germany and Denmark. ‘The 
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endeavor was therefore made to find an estuary tide there of the 
same type. Bremerhaven in the mouth of the Weser was select- 
ed as very similar, and although numerous comparisons were 
made with other places in the North sea, this original choice 
proved to be a correct one. The difference of time between 
Bremerhaven and Nelson is remarkably constant, 1 0°e especially 
for high water ; as the variation in the difference is actually less 
than between two estuaries in the Gulf of St. Lawrence. or from 
one end of Northumberland strait to the other. 

By following this clue with regard to the similarity of 
Hudson bay and the North sea, an investigation on similar lines 
showed that Harwich is the best port of reference for Churchill. 
Most of the harbors on the eastern coast of Britain are in estu- 
aries ; but Harwich affords a suitable open-water type, and it 
shows the same unusual feature as at Churchill, in that the rise 
is slower than the fall. The result in this case is equally 
satisfactory ; as the difference in time between Harwich and 
Churchill, for both high water and low water, is remarkably 
constant, 

The success of this method is valuable in avoiding the 
necessity for the establishment of permanent tidal stations at 
these harbors. To obtain definite data for the calculation of 
tide tables for Nelson, the time of the tide as observed at Bremer- 
haven was obtained from Germany, to make a simultaneous 
comparison. A value was thus obtained by which high water is 
calculated by means of a direct difference; but as for most 
European ports the time of low water is not published, it was 
found best to compute this from the duration of the fall of the 
tide. ‘This duration varies throughout the course of the svnodic 
mouth, but the law of variation was ascertained. ‘The calculation 
of the height of the tide was a matter of much greater difficulty ; 
because the observations available were for short periods, which 
happened to be of the same type from an astronomical standpoint 
as the effect of the moon's distance was always superposed simi- 
larly on the springs and neaps. By a method of successive 


approximations however, a satisfactory solution was reached, by 
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which the height of high water can be calculated in terms of two 
series of variables. One of these is in the period of the synedic 
month, and the other affords a plus and minus correction in the 
period of the anomalistic month. The problem of tide tables for 
Nelson which will be reasonably accurate, may thus be considered 
as solved ; although further observations are desirable to improve 
the accuracy of the values used in the calculations, Tables 
giving the time of the tide have already been published for the 
season of 1914, 


TIDES OF HUDSON STRAIT 


In this strait the tide has an unusually large range, the 
average at Ashe inlet, in the central part of the strait, being 
50's feet at the springs and 15', feet at the neaps. ‘The dura 
tion of the rise and fall is almost equal, and there is very little 
diurnal inequality ; but the semi-monthly variation with the 
moon's distance, is extremely large. The spring range is twice 
the neap range, as above indicated; and the variation in the 
anomalistic month from perigee to apogee may occasion a diffe: 
ence of almost seven fec/ in the range of successive spring tides. 

With these variations and tide curves for only half the day, 
their completion by interpolation was too uncertain to be 
attempted, as a basis for harmonic analysis. But for compari- 
son with any reference station, the broken character of the 
record was relatively unimportant. 

Among the ports selected for comparison, as most similar in 
their characteristics and nearest in range, those found to be best 
were Liverpool, Port Talbot in the Bristol Channel, and St. 
John, N.B., in the Bay of Fundy. The outstanding variation 
in the difference of time between Ashe inlet and these harbors, 
was chiefly in the period of the anomalistic month. St. John 
was chosen as the most suitable of these three; as the range is 
nine-tenths as much as Ashe inlet, and the anomalistic variation 
is the same, absolutely, which makes it slightly greater in pro- 
portion. ‘The comparative features at the two places are shown 


in the following table: 
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I) wae St. John, N.B Ashe Inlet, 
‘ Bay of Fundy Hudson Strait 
Differ- Range Differ- 
ence in feet ence 
At Apogee. Ranve at Spring tid 27°05 
pog i pring tides. 20°35 2] 
SPRING RANGE Mean of the above.... 33°72 
6°29 
RANGE At Moon's mean distance, 15°30 


To obtain the best comparison possible, tide tables for St. 
John were re-calculated for the back vears 1884, 1885 and 1886. 
Such calculation for the past can be made as readily as fora 
future vear, by means of the tidal constants deduced from the 
harmonic analysis, For St. John, these constants are now 
derived from 15 complete vears of observation, which gives a 
high accuracy to the tide tables so calculated. ‘The differences 
of time between Ashe inlet and St. John which result, are very 
constant and thus afford satisfactory values for computing the 
tide in Hudson strait. In this case, it is the time which ts of chief 
importance, in order to bring the turn of the tidal streams into 
relation with the tide; as it is not likely that harbors will develop 
in this strait for which the height of the tide will be required, 

The progress of the tide throughout the length of Hudson 
strait, from Port Burwell to Laperri¢re, can be determined by a 
comparison of the successive localities in the strait. The obser- 
vations are not always simultaneous, but the final reduction will 
afford a series of tidal differences with Ashe inlet as the port of 
reference for the strait. 

We may note in conclusion that tidal work in Canada has 
now reached an advanced position. ‘The best port of reference 
on the Atlantic coast of the United States is Sandy Hook, at the 
entrance to New York, where eight years of tidal observations 
have been secured. At five of our harbors in Eastern Canada 
we have a basis of nine to fifteen years of observation. ‘This 
may be taken as representing the relative accuracy of the tide 
tables for the two countries. Much the same may be said of the 


Pacific coast, where three of our harbors are now superior to 
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San Francisco, which is the best on that coast of the United 
States for which tide tables are published. With the exception 
of Great Britain and Europe, the only country which has a 
better basis for tide tables is India. A beginning is being made 
in Australia and New Zealand, where much the same lines are 
being followed as those which we adopted in Canada twenty 
years ago. In the investigation of the currents, which is the 
other branch of the work of the Tidal Survey, very full informa- 
tion is now available on the routes of all the leading steamship 
lines in astern Canada, as well as for the navigable passes on 
the Pacific coast. 
TipaL SurvEY, OTTAWA, 
March 25, 1914. 
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APPARENT AND REAL SIZE OF METEORS 


Ts computed diameters of meteors, based on the apparent 

size of their flaming nuclei, are frequently 100 feet, 100 
vards, one-quarter, one-half, or one-mile and even more than 
that. The head of a fireball may be considered equal to half the 
diameter of the moon and the distance of the former being known 
the dimensions readily follow. But it is difficult, if not impos- 
sible, to separate the glare and flaming head of a fireball from the 
actual diameter of the incandescent substance. The result is 
that the magnitudes of meteors are often enormously over- 
estimated. 

Young, in his ‘‘ General Astronomy,’’ art, 762, remarks : 
‘** As seen trom a distance of many miles the meteoric fireball 
sometimes appears to have a diameter as large as the moon, which 
would indicate a real diameter of several hundred feet. The 
great apparent size, however, is an illusion partly due to irradia 
tion and partly, undoubtedly, to the fact that the meteor itself 
is surrounded by an extensive envelope of heated air and smoke 
which becomes luminousthroughout. Probably nosingle meteor 
ever vet investigated was a solid mass as large as 10 feet in 
diameter,”’ 

The largest meteor of the remarkable group scen in America 
on February 9, 1915, was supposed on the lowest estimate to 
be 100 feet in diameter, 

Some experiments conducted by Professor I. L.. Smith* more 
than half a century ago were as follows :- 

Three solid bodies in a state of vigorous incandescence were 
used : Ist, charcoal points, transmitting electricity ; 2nd, lime 
heated by the oxy hydrogen blow-pipe ; 3rd, steel in a state of 


* B.A. Report, 1857, p. 150. 


| 
by W. 


Apparent and Real Size Meteors 109 


incandescence, in a stream of oxygen gas. ‘They were observed 
on a clear night at different distances and the body of light, 
without bordering rays, compared with the disc of the moon, 
then nearly full at 45° above the horizon. 


The results are given in the following table : 


Actual App. Diameter App. Diameter: App. Diameter 
Diameter at 100 yards ati 4 mile at 112 mile 
Charcoal Points Diam. 3 Times ~) 34 Times 
Lime Light “411 ) 2 Times 2 Times ©) 
Incand't Steel 
Globule 2 in. | Diam ) t Tin ) 1 Time ) 


If then, the author argues, the apparent diameter of a 


luminous meteor at a given distance is to be accepted as a 
guide for calculating the real size of these bodies they would be 
(according to the table given by Professor Olmsted for estimating 
the diameter of meteors in comparison with the moon, 


Jour. Science, Vol. XXXVI, p. 155 


elm 


Charcoal points - - SO feet in diameter 
Lime Lights - - 0 feet in diameter 
Incandescent Steel Globule 25 feet in diameter 

The enormous differences between these figures and the 
fractional parts of an inch representing the actual diameters in 
the table will be apparent at a glance. 

The dimensions of meteors on the basis of their light and 
expenditure of material have often been determined. Some 
experiments and comparisons will be found in B. A. A’eford for 
1862, p. Sl, and the exaggerated values from estimates of appar 
ent size are again demonstrated, 

Professor Herschel in the J/efcorologica/l Magazine made some 
similar computations and for several large meteors as bright as 
Venus ascribed a weight of a few pounds as the equivalent of the 
material expended during the whole of their long flights. 

I have occasionally seen a fireball begin its path as a tiny star. 


When, however, rendered highly incandescent by the denser air 
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strata of lower altitudes and more than 1000 times as bright as 
at first, it looked to be one-quarter or one-half the moon's 
diameter. ‘The impression has always been to me that the real 
magnitude was incomparably smaller and equivalent to the 
diminutive disc, the fraction of a minute of arc, seen at first, 

I. C. Herrick gave 150 feet for the diameter of a fine meteor 
but Professor I, I,, Smith says its actual dimensions may not 
have been more than a few inches or a foot. Another to which 
a diameter of 1!) miles was given may possibly have reached a 
few feet in diameter, * 

The meteors which have fallen upon the earth's surface have 
been comparatively small, many of them only weighing a few 
pounds. 

lor example, the iron or stone which fell on 1876, April 20, 
in Shropshire ; on ISS1, March 14, at Middlesborough ; on 1902, 
September 15, at Crumlin, Ireland ; and on 1909, November 26, 
at Wanguani, New Zealand ; were of small size and less than 20 
lbs. weight. That of Wold Cottage, 1795, December 13, 56 
Ibs. ; that of Ensisheim, 1492, November 7, 276 lbs.; and there 
have been larger ones, 

The largest meteoric stone preserved in a museum is one 
which fell in a shower of such fragments at Knyahinva, Hun 
gary, in 1866, and it weighed 647 Ibs. In ISS7 a larger stone 
descended at Tabory in Russia, but the violence of its fall was 
such that it was fractured. At Lone Island, Kansas, U.S.A., 
several fragments of a still larger stone weighing at least 1244 
pounds were discovered lying near together but in this case the 
fall was not seen. 

But a block of iron or stone 100 feet or more in diameter 
would weigh hundreds of tons and such a size or weight has 
never been reached by any meteorite either found or seen to fall 
upon the earth's crust. 

We must obviously ascribe to bright meteors, a very smal] 
real diameter iv7z., a few inches generally and a few feet in regard 
to exceptionally large fireballs. 


*B. A. A’eport, 1847 
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The ordinary shooting stars so prolific in our skies are pro 
bably not larger than small gravel stones, 

The magnitude and astonishing brilliancy of fireballs are ex 
plained by the high degree of incandescence to which they attain. 
They appear to be exceedingly near and to be immense flaming 
globes, but when the effect of glare and the great expansion of their 
luminous material are allowed for, their actual size is reduced 
more than a hundredfold. Under the action of tremendous heat 
induced by atmospheric resistence the outer layers of the meteor 
are peeled off and shot outwards in gaseous folds at enormous 
velocity and thus the apparent size of the original mass is enor- 
mously increased. 

The comparatively small dimensions of the meteoric stones 
which have fallen to the earth are not, perhaps, convincing evi- 
dence that they are all of very moderate weight During the 
vicissitudes they encounter in their fiery flight through the air 
they must have suffered an enormous loss of substance, Indeed, 
we should quite expect that only the kernel or a minor fragment 
would reach us after the ordeal to which the original mass had 
been subjected. 

DRISTOL, ENGLAND, 

March, 1914 
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NQHE GREAT METEOR OF 9TH FEBRUARY, 1915 
By W. TEs. Mons 
N the Session of 1902-5 I laid before the Society in conjunc 
tion with the late Mr. Arthur Harvey, a catalogue of 
cerolites or meteors that had fallen to the earth in the solid state, 
and we both expressed our opinion that they came in recurring 
showers like ordinary meteors, though the richest meteor- 
showers seemed to be unproductive of cerolites, while much fainter 
ones were often accompanied by cerolites or fireballs. It was 
natural under the circumstances to refer to this catalogue in 
connection with the great meteor of th February, 1915, and I 
found there three actual stone falls on the 10th of February, one 
at Nanjemoy, Maryland, in 1825, another at Girgenti, Sicily, in 
1853, and a-third at Madrid, Spain, in 1896, besides which Mr. 
Harvey has in the supplemental list one at the Isle of Oleron, 
France, in 1875. ‘There are, likewise, two falls on the 12th of 
‘ebruary and two more on the 15th, one of the former pair being 
at Ilomestead, Iowa, in 1875, just two days after the fall at the 


Isle of Oleron, France, 


Turning back to the A/fonth/y Notices of the R.A.S. for the 
vear 1865-6, I find the late Mr. A. S. Herschel writing, ‘‘ Deton 
ating Meteers were observed on the 10th February, 1772, by 
srvdone ; on the 11th of February, 1850, by the present Astrono 
mer Royal, and on the !th of February, 1865, by a friend of the 
writer at Bangalore, S. India, all of which probably belonged to 
the zone of meteors circulating round the sun.’ (XXXVI 
p. 211 

A list of eight American meteoric fireballs, an account of which 
was given by Professor Daniel Kirkwood, in 1877, included one on 
February 8, IS77, but as he had only one observation of this fire 
ball he was unable to make his computations with regard toit. A 
brilliant day-light meteor was seen 17 vears later on February 4, 


1S94. It wasseen almost at noon by Dr. A. A. Rambaut, Astrono 
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mer Roval of Ireland, at Dunsink, near Dublin, and also by Mr 
Wood, near Birmingham, and others. Its path was calculated 
by Dr. Rambaut and also by Mr. Wood, according to both ot 
whom it was first seen ata height of about SO miles over the 
Irish Sea and was lost sight of over Yorkshire after descending 
to less than one-fourth of that height. This is not a bad collec- 
tion and could no doubt have been added to if [ had pursued my 
inquiries farther; but I may give one more example. On February 
Lith 1905, three bright meteors were doubly or more than doubly 
observed and paths determined for them by Mr. Denning, but 
they do not seem to have been as brilliant as mest of those 
already referred to. There were, however, material differences 
between their radiants as computed by Mr. Denning. Two 
meteor-showers active on the same night is not unusual but it 
would be unusual to find both of them rich in fireballs. Yet 
there issome reason for thinking so in the present instance. 
There is certainly no fireball shower in February previous to the 
Sth of that month, but the ending is much less definite than the 
beginning and those on the 12th and 15th may perhaps have iad 
a different source from those on the Sth, 9th and 10th. 

The multiplicity of the fireball of 9th February, 1915, is 
not unusual though with the ordinary small meteors it seems to 
be unknown. Mr. Harvey in his article accompanying the 
catalogue already referred to mentions that a swarm that fell at 
I, Aigle on the 26th April, 1805, included 2000 or S000 stones, 
that 700 or SOO were recovered from the fall of an zrolite in Iowa, 
U.S., on the 2nd May, 1890, and 100,000 (there seems to be some 
exaggeration here) from one at Pultusk on January 380, 1568. 
There was however, a very conspicuous example of the same 
kind of multiplicity that the great meteor of February 9, 1915, 
exhibited in a famous English meteorite of ISth of August, 1785. 
The Annual Register for that vear contains a full account of it 
as seen at Greenwich Observatory, and the resemblance will at 
once strike the reader. ‘The Madrid meteorite, I may remark, 
left a train which was long visible as a cloud. It was a day- 


light meteor seen in the sunshine at about %h 20m a.m, 
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Reverting to the multiplicity of some of these meteorites, a 
question arises as to how it is to be explained. Did all the com- 
pany of meteors originally form a single body which afterwards 
became split up and divided, or had they always a separate exist- 
ence though travelling together? Their condition is quite dis- 
tinct from that of what is called a meteor-swarm. In the latter 
case thougin the meteors succeed each other at very short inter- 
vals of time, when we consider the speed at which they are 
travelling, the distance between any pair of them evidently 
amounts to several miles. If a number of them fell to the earth 
simultaneously they would be scattered over several square miles 
of the earth's surface. But when these multiple meteors fall we 
have hundreds or thousands of them scattered over a very small 
district. “This could hardly occur if they were originally a solid 
body which was afterwards broken up by one or more explosions. 
The fragments would not keep in such close company at any 
considerable distance from the place where the explosion 
occurred. Perhaps some light may be thrown on the subject by 
a theory of my late friend Sir Robert Ball, though I donot know 
whether he modified it before his death. ‘These zrolites or 
meteorites ——stones that actually fell— were, he thought, pro- 
jected from terrestrial volcanoes at a time when they were more 
active than at present. If projected with sufficient velocity they 
would commence revolving in independent orbits, instead of 
falling back to the earth as they do when projected at present ; 
and while travelling in these orbits they would be liable to 
encounter the earth and thus return to us after a long interval. 
Here it is evident that a number of stones projected from the 
same volcano at the same time might travel in close company for 
a considerable distance. And I know of no reason why other 
celestial bodies might not have something analogous to our 
volcanoes still active and capable of ejecting companies of small 
bodies. ‘There seems indeed to be reasons to believe that the sun 
is constantly ejecting matter though not perhaps in the solid or 
liquid form. An explosion or some kind of collision at the out- 


set would probably prevent the bodies from keeping close 
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together during a course of any considerable length, but an 
action of a volcanic kind might perhaps remove this difficulty. 

Another puzzle is this. These detonating meteors are some- 
times of dazzling brilliancy and appear at great heights in the 
atmosphere, moving with great velocity. Yet the stones that 
fall are often but slightly heated and are sometimes seen to fall 
very slowly and almost perpendicularly. How can both of these 
characters be ascribed to the same meteors? Or are these two 
distinct species of fireballs, one of which only fall tothe earth on 
rare occasions ? 

Let us then consider the conditions under which a falling 
meteor will reach the earth in the solid form. What usually 
happens when it enters the atmosphere is this: Iintering with a 
high velocity, the air resists it and diminishes its speed, the 
motion thus lost being converted into heat, which raises the 
temperature of the meteor and renders it first red-hot and then 
white-hot after which it melts and finally evaporates when the 
vapor of the meteor gets mixed with the air and we cease to be 
able to traceit. xcept the melting-point (or rather the evapora- 
tion-point) of the meteor, the only elements involved here are its 
size and its velocity, but when it has penetrated so far that a 
combination with some of the elements of the air may take place 
this possibility may also require consideration. But in the first 
place the greater the velocity the less chance there is of the 
meteor remaining solid until it reaches the earth, because the 
greater the velocity the greater is the amount of heat devel 
oped by destroying its motion. And this is probably the reason 
why no meteor belonging to the great Leonid or Perseid streams 
seems to have fallen to the earth. ‘The meteors are travelling 
with a high velocity and they are also as a rule very small — 
which brings us to the next point, v7z., a large meteor is more 
likely to reach the earth than a small one. Perhaps I should 
rather say thata part of it is more likely to reach the earth ; for 
part may be vaporised or melted, while another part remains 
solid till it encounters the earth. The centre of a large meteorite 


might still remain cool after the parts near the surface had been 


| 
| 2 
| 
4 
— 


116 The Great Meteor cf oth February, 1913 


fused and evaporated. Large size and slowness of motion are 
thus most favorable for the production of zerolites, but unusual 
size on the one hand or unusual slowness of motion on the other 
might suffice where the other element differed little from the 
average. 

These large fireballs, however, are usually explosive or 
detonating and it is usually after an explosion that an zerolite is 
seen to fall and is picked up. What effect has such an explosion 
on the meteorite which is thus separated into parts? Much 
evidently depends on the force of the explosion, regarding which 
little is known, but plainly a number of parts are driven out of 
their former course into a new one resulting from the explosion ; 
and assuming that this new force is not insignificant when com- 
pared with the meteor’s velocity at the moment of the explosion, 
the previous velocity of some fragments may be almost annihilated 
while that of others is increased. The explosion may thus cause 
some parts of a detonating meteor to fall to the earth while the 
main body escapes into space to visit us again on some future 
oceasion or perhaps is dissipated in the air. This seems to have 
oceurred in a few instances, but thev are hardly sufficiently ascer- 
tained to be relied on. One of these is the great meteorite of 
Ith August, 1785, referred to by Mr. Harvey in the Catalogue. 

There is evidently a good deal still to be discovered with 
regard to these meteorites or cerolites and their connection with 
the earth, and it is much easier to ask questions than even to 
suggest answers to them. I hope, however, that the entire sub- 
ject will receive more attention from astronomers than it has 
usually received of late vears, and that none of these elements, 
which I may call observation, calculation and speculation, will be 
wanting The progress in this department during the last 
quarter of a century has been very slow. I hope some of our 
leading astronomers will devote their attention to the subject 
and ascertain the problems to be solved and the direction in 
which we should took for a solution of them 

DUBLIN, IRELAND, 

March, 1914 
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MEETINGS OF THE SOCIETY 


At ‘Toronto 


March ro, 1914.—The meeting was held in the Society's 
Rooms, 198 College St., at 8 p.m. Mr. H. B. Collier occupied 
the chair. 

The Chairman gave an account of recent observations of 
the planet Mercury. 

Dr. R. E. DelLury, of the Dominion Observatory, Ottawa, 
gave the lecture of the evening on ‘‘ Recent Solar Investiga- 
tions.’’ With the assistance of slides the modern apparatus for 
solar research was described. ‘The results obtained by direct 
photography and by spectrum investigations were made the topic 
of the lecture; the measurement of the rotation of the sun by 
the successive changes of the sun-spots was given. The reflect 
ing telescope and the spectrograph which are in use at the 
Ottawa Observatory were described in detail. ‘Then the method 
of measurement of the rotation of the sun by the shift of the 
spectrum lines due to the Doppler effect was outlined, and with 
the aid of slides showing the shifts, the method of calculation 
was clearly presented, together with the refinement in methods 
made within recent years at Ottawa. Dr. Delury pointed out 
how certain anomalies in the measurements indicated disturb 
ances probably due to convection or pressure conditions which 
are being investigated at present. 

The spectroheliograph of the Yerkes Observatory was 
described and photographs of the sun with calcium light and 


hydrogen light were shown, giving the difference in appear 
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ance, particularly at the sun-spots. Also photographs of the 
prominences were shown and their connection with the sun- 
spots, or disturbances on the surface of the sun, and showing 
the nature of the various vapors in the prominences and disturb- 
ances. 

The investigation of magnetism as.exhibited in the sun was 
then discussed and the evidence which has been obtained by 
direct photography at the time of solar eclipse was presented 
showing in the character of the coronal streamers the probability 
of the existence of magnetic poles. 

The connection between sun-spot conditions and the Aurora 
Borealis was pointed out and also the connection with the 
magnetic disturbances on the earth, and the method of measure- 
ment of the strength of the magnetic field in the sun by the 
effects on the spectrum lines was explained. 

The lecture was received with a great deal of interest and 


enjoyment and was discussed by several members. 


March 24.—The meeting was held in the rooms of the 
Society, 198 College St., at 8 p.m. 

Messrs. John W. Garvin, B.A,, Toronto; James IL. Garvin, 
B.A., Barrie and H. J. Dingman, Toronto, were elected mem- 
bers of the Society. 

Mr. J. R. Collins gave the lecture of the evening on 


‘* Theories of the Ether.’’ The early theories of the ether were 
first presented and an account of the change from the conception 
of a corpuscular medium to that of a continuons medium. The 
nature of matter as it has been conceived to be connected with 
the ether ; and later, the concept of matter as being some special- 
ised conditions of the ether itself in the form of vortices or 
minute whirls in the media was discussed and the illustrations as 
presented by Kelvin, Lodge and others were aiso given. Then 
also the modern views of the transmission of energy were briefly 
considered. 

Mr. R. Wallace gave an account of observations on the 
recent eclipse of the moon with the aid of a seven-inch reflector 
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and reported difficulty in making out the details as compared 
with observations at other times. This was alsoobserved by Mr. 
J. R. Collins and Mr. H. Lane. Professor Chant gave the 
suggested explanation as due to the vapors in the earth's atmos- 
phere. 

Queries were handed in on the high velocities of stars, and 


the equinoxes and answered by Professor Chant. 


April 7.—The meeting was held in the rooms of the Society, 
198 College St., at 8 p.m. 

Mr. H. C. B. Forsyth, Calgary, Alberta. 

Rev. IL. B. Gibson, B.D., Ph. D., 414 Bourgeois St., Montreal. 

Rev. G. D. Ellis, 801 Fortune St., Montreal. 

Rev. FE. J. Ireland, 873 Wellington St., Montreal. 

Mr. R. Wilson, M.D., 596 Wellington St., Montreal. 

Mr. F. E. Wyer, 150 Ash Ave., Montreal. 

Mr. W. Hudson, 164 Bourgeois St., Montreal. 

Mr. E. Rodgers, 72A Milton St, Montreal. 

Mr. W. J. Sample, 55 Queen St., Sherbrooke, Que. 
were elected members of the Society. 

Mr. R. F. Stupart, Director of the Meteorological Service 
gave the lecture of the evening on the ‘‘ Canadian Storm Signal 
Service.’’ 

Mr. Stupart pointed out the difficulties under which the fore- 
casts of weather conditions are made and pointed out the large 
amount of work that is being done,—e.g., in the upper atmos- 
phere investigation in which the connection with the actual 
weather conditions is not direct. With the aid of maps Mr. 
Stupart described the distribution of pressure over the surface of 
the earth and the prevalent winds at different seasons of the 
vear and also the upper currents in the atmosphere. A descrip- 
tion was also given of the operation of balloons and kites carry- 
ing instruments for the investigation of the upper atmosphere. 
The variations in prevailing conditions such as are found in 
storms were then considered and the probable explanation was 


outlined, 


r 
‘3 
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Illustrations were given showing the accuracy of warning 
sent out predicting coming storms. 
The lecture was discussed by several members and Mr, 
Stupart answered the questions which were put forward. 
G. 


Ar HAMILTON 


March 13.—The President, Mr. Wm. Bruce, having invited 
all to visit his observatory, made the announcement that Mr. H. 


oom 


B. Collier would speak at the next meeting on ‘‘ The Moon”’ 
and would exhibit a model made by himself. 

Wim. Cameron Smith, 100 Wentworth St. N., was elected 
a member. 

The Secretary urged the members to make more use of the 
‘* Notes and Queries’’ section of the JOURNAL instancing the 
great amount of trouble evidently given by the Editor to answer 
any question asked. 

Rev. Dr. D. B. Marsh was then called upon and gave a 
lecture on ‘‘ Solar Phenomena’ treating the subject from two 
points of view, 7v7z., Our sun atypical star, and our sun a domin- 
ating body —treating of the mass, motions, radiation, source of 
energy, sun-spots, etc. 

At the close a hearty vote of thanks was tendered the 


lecturer. 


-lpril1o.—A large audience greeted the speaker of the even- 
ing, Mr. H. B. Collier, when he gave, what he wished to be called 
a ‘‘talk,’’ not a lecture, on ‘‘ How I Sculptured the Moon.”’ 

First, he described his becoming interested in astronomy 
through the influence of Dr. Marsh, his growing interest and his 
acquiring of a telescope and lastly his determination to make a 
model of the moon. The difficulties encountered at the very 
beginning of the enterprise were pointed out and how they were 
overcome, his want of technical skill remedied by a course in 
modelling, the correct placing of the various surface features of 
the moon by a method of projection and other cbstacles met and 


conquered. 
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A plaster cast of the model was used to point out many of 
the lunar features and also the various phases. Further inform- 
ation was given by the aid of a very fine set of slides, while a set 
of prints of the great Paris Lunar Charts of the moon aided very 
much in conveying a clear idea of the main markings of the 
moon's face. 

At the close of the lecture several made appreciative remarks, 
but the lecturer stated that having received many kindnesses 
while in Hamilton, he did not desire a vote of thanks and also he 
desired to present the local Centre with the plaster cast he had 
with him. 

In speaking in appreciation of this, one speaker remarked 
that he had been at many presentations of medals, cups, ete., 
but this was the first time he had seen half-a-moon given away. 


W. 
REGINA CENTRE-- FINANCIAL STATEMEN' 


I.--GENERAL AccoUN’ 


RECEIPTS 
Balance on hand, September 39, Ig12 - $158.65 
Membership Fees for 1913 5 - : $5.00 
Membership Fees for 1914 ‘ 42.00 
Bank Interest : ‘ 5.71 
Grant from R.A.S.C. - . 125.00 
Sale of a book 1.25 
3377-01 
1 

Remitted to General Treasurer . 3S 94.00 
Lantern slides, Newton & Co, - ‘ ‘ 15.62 
Rent and caretaking, Collegiate Institute . S.00 
expenses of Lectute (McDiarmid) 
Printing and Stationary - - - 2.75 
hange on cheque - - 
Vaid fees to Lit., Arts & Sel. Society . 10,50 
Paid to Telescope Account 125.00 

$264.67 
Balance on hand, General Account . 112.94 

8377-01 

Account 
RECEIVTS 

From General Account - $125.00 
Mr. Walter Parry - - - 50.00 
His !lonor Lieut.-Gov. Brown 50.00 
Mr. L. V. - . - 50.00 


BP. 
‘ 
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Mr Gordon Geddie 2 
Mr. Justice J. T. Brown 50.00 
Mr. Norman MeMurchy 2 
Mr. C. B. Keenleysicde I 
Mr. W. R. Reilly 


7 
Mr. W. Gi. Scrimgeour : 5.co 
7 


Mr. A. J. Pyke 
- S410.00 
EXPENDITURES 
John A. Brashear On, Telescone 425.00 
Freight on telescope — - - 33-21 
on draft 1.05 
- $459.26 
Balance from General Account . . S112.94 
Deficit on Special Account 49.26 
March 12, 1914, Balance as per Bank Book — - S 63.68 
\wilited and found correct, 
(Signed) W. G. SCRIMGEOUR, 


Kegina, March 14, igt4. 

VicroriA, B.C.— A New CENTRE 

On March 6, 1914, a public meeting was held in Victoria 
B.C., at which Dr. J. S. Plaskett, of Ottawa, the President of the 
Society, was present ; and it was decided to take steps to form a 
Centre of the Royal Astronomical Society of Canada. All per- 
sons present decided to become members of the Society ; and it 
was arranged to hold a meeting on April 3. 

The application of fifty-eight persons to be formed into a 
new Centre was considered at a meeting of the Council of the 
Society on Tuesday, April 28, and was formally sanctioned. Thus 
the new Centre begins with an excellent membership, which, how- 
ever, they expect to increase materially before the vear is ont. 

The officers of the Centre are : 

Honorary President—J. S. Plaskett, B.A., D.Sc., Ottawa. 

President— F. Napier Denison. 

'Vice-President—A. W. McCurdy. 

Honorary Secretary—EF. H. Cotterell, C.E. 

Executive Committee—W. S. Diewry, W. J. Sutton, 

G. G. Aitken, Major C. B. Simonds, C.E. 

At the meeting held on April 3 Mr. F. Napier Denison, read 
a paper on ‘‘ The Benefits to be derived from the Study of 
Astronomy."’ 

The next lecture is by E. H. Cotterell, C.Ii., on the ‘‘ His- 
tory of Astronomy.’’ J. R. 


General Secretary 


| 
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MAGNETIC OBSERVATIONS 

During the season of 1913 fifty-three stations were occupied, 
being a few less than occupied during the preceding season, but 
this is due to the wide distribution of the stations, covering 52° 
in longitude, from 70° to 122° W, 

To complete the series along railway communication north 
of Quebec, some stations were put in to cover the Lake St. John 
and Saguenay river region ; similarly stations were put in from 
North Bay northward to the Grand Trunk Pacific at Cochrane. 
Some gaps were filled in along the Canadian Pacific between 
North Bay and Winnipeg to carry out our scheme of having 
magnetic stations across the continent at approximate intervals 
of 25 miles. The last section extended westward from Edmon- 
ton along the above G. T. P. to the end of the rail, laid at the 
time, and then down the Fraser river to Fort George, which 
point completed the link run northward five years ago from 
Ashcroft on the Canadian Pacific Railway towards the G.T.P. 

The method of observing and the instruments used were the 
same as in preceding vears. For declination, it may however be 
repeated, that at every station the east and west elongations 
were observed, besides the declination at other times. 

A number of repeat stations were occupied for the purpose 
of obtaining data for secular change. Unfortunately the exact 
position of former years could not always be occupied, due to 
various reasons. Ina newcountry like ours where so many of 
our new railroad stations are growing very rapidly, mere 


stopping places are changed to villages and towns; where open 


. 
= 
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fields existed a few vears ago, streets and houses now are found; 
in a number of cases the reference objects for the identification 
of stations had been destroyed by fire, forexample, at Chicoutimi 
and Lake Edward ; again, fallow fields had been ploughed and 
sown in grain and the stakes removed necessitating a new loca- 
tion, so that some of the former magnetic stations were no longer 
available for re-occupation and a new one had to be chosen, as 
fairly near the former as possible. In the selection of sites due 
regard is had for future occupation; for instance on school- 
grounds, if there be such, or public parks. In re-occupying a 
place, but not the identical spot of former years, observations 
were made to test for local attraction, and if found, due note 
made thereof, as found in the second table herewith. 

As heretofore, observations were taken at the Ottawa mag- 
netic hut and at Agincourt, the permanent magnetic observatory 
for Canada, before and after the field observations, so that the 
results are standardized. 

In the following tables, a resumé of the observations is 
given. The first table gives the three elements observed, declin- 
ation, inclination, and intensitv ; while the other table gives the 
comparison at repeat stations and from which the secular change 
is deduced. 

The stations are arranged in the order of their occupation. 

All the observations were made by C. A. French, of the 
Observatory staff. 


MAGNETIC ReEsuLts 1913 


Range 

Station Latitude Long Date Declination — of Lip Hor. Total 

Decl Int. Int 
* Agincourt 43 47°079 16°0 Apr. 6 17°SW 74 40°C "16159061071 
Ottawa 23°675 43°70 - 3013 14°9W. 75 40°4 15054 ‘60836 
(Juebec 40 14°0May 7 - GIS 32°2W. 13°4 75 57°3°14696 “60556 
Lake St. Joseph 46 §2°571 32°0 1107 13°4 76 
Riviere a Pierre 46 59°372 1415 22 5. 12°3 76 17°5 °14275'60237 
Chicoutimi 48 25471 03S * 15-1620 §5°7W. 77 24°9°13293 61009 
Bagotville 48 20°070 49'S 17 21 34°5W. 16°3 77 46°3°12844 ‘60640 
Roberval 48 30°872 13°5 Ig- 2120 50°OW. 16°S 77 25°1°13261 60877 
Lake Bouchette 48 16°772 23-2412 3O°QW. 22°3 78 12°7 °12333 60368 


MAGNETIC RESULTS 1913—(Continucd) 


Station 


Kiskisink 
Lake Edward 
La Tuque Jct 
Garneau Jct. 
Carleton PI. 
Arnprior 
Kentrew 
Pembroke 
Chalk River 
**Chalk River 
(Aux. Stn. 
Stoneclitte 
Mattawa 
North Bay 
Cochrane 
lro juols Falls 
Junction 
Timmins 
Matheson 
Swastika 
nglehart 
New Liskeard 
Temagami 
Sturgeon Falls 
Markstay 
Sudbury 
Cartier 
Bisco 
Woman Kiver 
Chapleau 
Winnipeg 
Wabamun 
Junkins 
Niton 
Edson 
Coalspur 
Medicine Ldg 
Hinton 
Pocahontas 
Jasper 
Grant Brook 
Tete Jaune 
MeBride 
Mile 142 B.C. 
S. Fort George 
Grand Canyon 
Edmonton 
* Agincourt 
Ottawa 


*The values 


ASTRONOMICAI 


** Auxiliary 
permanent station, 


tion station of 


Latitude Longitude 


55° 72 May 
30°5 721075 * 
47 15°O 72 15‘g]une 
46 38°5 72 38° 
45 05°7\ 76.09°3) ** 
45 20°2 70 23°00 


46 00°8 77 27°6 
46 00°38; 77 27°6 


46 13°38, 7S 
$0 75 42 
40 19°O 79 27 
49 SLOT 
$5 42°6 So 40'S July 


48 28°6 81 

48 32°0 8027'9 
48.07°7 8007°0 
47 49°O 


32°2 113 29°3 Oct. 
79 16°0 Nov. 
6 754370 


47 79 47°3 
46 22°2 79 55°3 
46 30° SO 33% ad 
46 30°9 SL 
46 42°4 81 33°5 

47 18°0, 82 05°7| 
47 31°5 32392 
47 50°3 53 24°74 Aug 
49 51°9 97 O9°2 
53. 33°7 114 25°5 

53 30°91T5 

333977115 46S * 

33 116 260°5 

53 * 

53 32°5 117 O1 
53 24°0117 35°70 * 

53 13°1117 57°09, “ 
52 118 04°7 

52 54°2 115 45°85ept 
52 59°21TIg * 

53 15°1120 Io 
53 

53 

53 

53 

43 

45 
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Date 


Declination 


26 Is 
28-2920 
2 7 
4- $17 
g- 
13-1411 
17-1810 
20 10 
21 
23 
25 9 
27-25 9 
v2 9 

3- 4,9 
5-658 
S- 9 9 
10-11 9 
11-14 9 
9 
17-1812 
22-23, 9 
24 7 
25-20, 7 
25 7 
29-30 6 
3! 5 
2 4 
4- 613 
14-1528 
10-17 27 
19-2028 
21-22\27 
25 27 
26-27 25 
28 27 
29-3C 27 
2- 3/27 
5 628 
g 1025 
Ii-3229 
15-1628 
25 29 
3- 427 
6 
3-1413 


oS‘oW. 


+ Fw 


125 
Dip Hor. Total 
Int. Int. 
15°S |76 437113874 60391 
16°g |76 52°S ‘13796 60775 
14°9 18°13 14434 “G0g52 
15°5 760 17°0'14491 
12°5 75 22°5 15345 ‘60750 
75 45°O'15026) "61043 
14°O 70 02'7 14737 
15°O 76 12°4°14594°6121! 
14°4 76 22°0°'14473 "61402 
17°! 76 21°2°14470'°61 33! 
11°6 76 22°4 °14467| 61466 
14°S 76 1421061663 
14°2 76 35°7°14254 ‘61710 
17°2 75 29°4 °12436 6232 
16°C 75 33°0°12356 "62243 
15°O 14°2°12725)°62417 
17°8 \78 33°4 12345 62223 
12°2 (78 21°1 °12511/°61965 
12°0 |77 §2°8 °1 304362121 
17°6 177 33°8 °13316'°61807 
15°7 76 
10°3 76 40°C ‘14307 °62038 
12°8 76 36°0 ‘14337 6186 
16°0 76 34°C *14424)'62085 
77 O2°9 “13051 "62245 
77 
77 42°6 °13308)°62520 
19°7 77 52°9 1313662573 
15°6 78 11°2 12986 32 
14°6 77 10°2°13056 619072 
14°6 (70 §2°4°14074 1 
14°8 |76 40°3 1422561705 
17°1 76 37°2 14257, 616% 
12°3 76 62°3°14762 61184 
11'S 76 29 € 114326 61338 
14°0 76 02°€ 14780 61280 
15°9 75 610260 
12°} 75 28°4 “E0826 
14°3 7§ 20°2 6C 6900 
13°6 75 14° “60087 
9°4 75 15°2 C0626 
175 1774)" "60460 
75 10°4 15354 ‘60001 
6°6 75 
10°O 77 19°4 13612 62028 
74 41°2 ‘1611161004 
75 41°38 


for Agincourt were taken from the JOURNAL oF THe Royal 


Station is gt feet southeasterly from the point selected as a 
It (Auxiliary Station) is within 


2 feet of the Carnegie Institu- 


| 
| 
| 
| 
— 
22°1W. 
39°7W. 
54°OW 
5 28°5 76 41°0 
5575W. 
4 
| 02°4W 
35°. W. 
14°6W. 
46°3\\ 
11°3W. 
21°3W. 
45°SW. 
35°5\\ 
54°4W. 
29°7W 
47°7 E. 
038 E 
03°7 
| 
} 
E. 
22°6 FE. 
} O's E. 
46-9 EF 
00°73 E. 
42°3 E. 
up 
Inge 
‘ 
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(a) The exact location of the station of tg0% was made uncertain owing to 
the destruction by fire of the Cathedral, to which reference is made in the descrip- 
tion of the original station, The station of tg13 is probably within 3 feet of the 
station of 1g06. 

(4) Tested for local disturbance which was found to exist. The station 
of 1913 is about Soo feet south of the station of 1906. It was impossible to re- 
vecupy the station of 1906, owing to high water in Lake St. John. 

(c) Local disturbance exists. Not certain of the exact location of the 
station of 1906, owing to the destruction by fire of one of the reference marks, and 
to the removal of a fence, to which reference is made in the description of the 
1906 station. 

(¢) Selected a new station about 1400 feet southeast of the station of ro 0, 
which was found unsuitable for re-occupation owing to erain having been sown in 
the field, 

(e) Slight local disturbance exists. The 1913 station (Aux. Station) is 
within 2 feet of the C.I. station of 1¢06 as shown by the azimuth of the 3 refer- 
ence objects of 1906. As the small field in which this station is located is under 
cultivation, it is not satisfactory for re-cecupation. 

(f) The station of 1913 is about 300 feet southeast of the station of re -s 
At the time of the selection of the new station, the description of the original 
station was not in the possession of the observer. Probably slight lecal disturb 
ance exists. 


rom the station of 


(g) The station of 1913 is about 1200 feet northerly 
1905, A new station was selected as, in the description of the station of 1g06, the 
following note occurs ** it is unsuitable for re-oceupation.” 

(hk) The station of 1913 is about Soo feet west of the station of 1606. A 
selection of a new station was made necessary owing to the growth of the town. 

(4) The station of 1913 is about 60 feet west of the station of 1906. The 
original station was considered unsuitable for re-occupation owing to the field, in 
Which it is located, being under cultivation. Siight local disturbance exists. 

(7) The station of 1913 was selected about half amile northeast of the 
station of 1906, which was unsuitable for re-occ upation, as the land surrounding 
the station was under cultivation, 

(4) A new station was selected about goo feet southwesterly from the 


original station as a small temporary house, eceupied by a contractor, made it 


unsuitable for re-occupation. Strong local disturbance exists. 

(4) The station of Igt3 is in the University grounds and about a mile 
southwesterly from the station of 1907 and 1gt1. The original station was con- 
sidered unsuitable for re-occupation owing to its proximity to the electric car lines. 

DOMINION OBSERVATORY, OrTo 
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NOTES FROM THE METEOROLOGICAL SERVICE 


SUMMARY REPORT OF THE WEATHER IN CANADA 
FEBRUARY 


Temperature — The month was an extremely cold one nearly | 
everywhere east of the Rockies. In British Columbia, however, 
temperatures nowhere deviated far from normal, except on the 
northern coast of the mainland, where a positive departure as 
great as 0°S° was reported. In the Calgary and Medicine Hat 
districts of Alberta, the mean temperature for the month did not 
differ markedly from normal, but elsewhere in the Prairie Prov- 
inces it was from 4°5° to 12° lower than average. Likewise, from 
the Great Lakes eastward to the Atlantic, temperatures were 
everywhere from 5° to 9% below normal, except very locally in 
Ontario, and in Northern New Brunswick, where the negative 
departure reached as high as from 10° to 11°. 


Precipitation —On the Upper Fraser and in the Okanagan 
Valley of British Columbia a considerable excess above normal 
precipitation was reported for the month, but on the Lower 
Fraser and on Vancouver Island, as well as in the Kootenay and 
North Columbia Valleys, there was a marked deficiency. 
Throughout Alberta there was everywhere an excess, varying 
from 33 per cent. to 100 per cent. of the normal. In nearly all 
other parts of the Dominion, however, only from one-third to 
three-quarters of the average fall occurred, except in western 
Nova Scotia, where the normal was closely approached, and in 


parts of southeastern Manitoba and Prince Idward Island, where 
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a slight excess was reported. Snow occurred practically every- 
where. The most pronounced falls were in Ontario and western 
Quebec on the 6th and 7th, and throughout the Maritime Prov- 
inces on the 14th and on the night of the 16th. 


MARCI 


Temperature — The mean temperature for March was very 
generally above average in the Dominion. Positive departures 
in British Columbia were from 2° to 3° in most districts, and in 
the Yukon the miid weather experienced resulted in a mean 
temperature 7° above normal at Dawson. In the Western Prov- 
inces unusually mild weather prevailed during the first half of 
the month, but this was followed by exceptionally cold condi- 
tions ; the resultant mean temperature, however, was from 5° 
to 9° above normal. In Ontario, temperatures were slightly 
above normal in most localities, but the departure was nowhere 
great. In Quebec, Northern New Brunswick and Prince EKdward 
Island, temperatures were from 2° to 5° above normal, while in 
parts of Southern New Brunswick there was a small negative 
departure. 


Precipitation — Precipitation for the month was considerably 
below normal nearly everywhere in Canada. In many parts of 
British Columbia the total amount was only about three-quarters 
of the average; locally in the northern interior, however, a 
moderate excess was reported. In Northern Alberta and North- 
ern Saskatchewan, and also in Manitoba, the precipitation was 
about one-half of the normal amount, while in the southern dis- 
tricts of Alberta and Saskatchewan only a small deficiency was 
reported. In most parts of Southern Ontario, from one-half to 
two-thirds of the normal precipitation occurred, although in the 
Toronto region there was a slight excess. Likewise, in Quebec 
and the Maritime Provinces there was nearly everywhere a 
deficiency, the total precipitation varying from one-half to four- 
fifths of the normal in Quebec, and about three-quarters of the 
normal in the Maritime Provinces except locally in Northern 
New Brunswick where there was a moderate excess. 


7 
| 
| 
| 
4 
| 
4 


130 


a 


~ 


On 


The 


IVeather in Canada 


TEMPERATURES FOR FEBRUARY AND MARCH, 1914 


STATION 


thon 

Dawson 

itish Columbia 
Atlin 

Agassiz 
Barkerville 
Kamloops 
New Westminstes 
Prince Rupert 
Vancouver 
Victoria 


"estern Provinces 


Battleford 
Broadview 
Calgary 
Carman 
Edmonton 
Medicine That 
Minnedosa 
Moose Jaw 
Oakbank 
Portage la Prairie 
Prince Albert 
Appe lle 
Regina 

Switt Current 


Winnipeg 


Agincourt 
Aurora 
Bancroft 
Barrie 
Beatrice 
Birnam 
Bloomtield 
Branttord 
Bruce Mines 
Chatham 
Clinton 
Cottam 
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MAGNETIC OBSERVATIONS 


During the months of February and March the Magnetic 
Forces as indicated by photographic records obtained at Agin- 
court, were for the most part normal, but evidence a tendency 
during March, to a greater frequency ot perturbation. The 
only disturbance of any magnitude began on the Ist of March 
and continued until the 7th and was marked by general uneasi 


ness rather than by any pronounced changes of Force. 
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. ASTRONOMICAL NOTES 


DISTRIBUTION OF THE NEBULAi.—Mr. E. A. Fath (Aséro- 
nomical Journal, No. 658-9) has published the results of a 
systematic search for nebulz in Kapteyn’s ‘‘ Selected Areas.’’ 
Plates have been taken covering 139 out of the 206 regions of the 
sky which form Professor Kapteyn's plan; they include all the 
areas from the north pole to 15° south declination, The 
exposure was in each case one hour with the Mount Wilson 60- 
inch reflector. Naturally a large number of new faint nebuleze 
were found, and their positions and dimensions are tabulated in 
the paper; but what is of special interest is the general con- 
clusion as to the distribution of the nebulz derived from the 
results. The author does not claim anything novel in his results ; 
but we believe that his work places our knowledge on a more 
solid foundation than hitherto, for it is a great advantage to be 
able to base conclusions on data obtained in a perfectly uniform 
manner from uniformly distributed areas of the sky. The con- 
centration of nebulze to the north galactic pole is very striking 
the south pole is outside the limits of the investigations). 
There are, however, great variations in the density of distribu- 
tion ; for example, we find adjacent to one another a plate with 
89 nebulz and a plate with 5. There is a complete absence ot 
these nebulze where the Milky Way crosses the sky. As we 
know that the planetary nebulze are strongly concentrated to the 
Milky Way, it would appear that their numbers must be com- 
paratively small, otherwise the Kapteyn areas would not miss 
them entirely. The usual opinion that the multitudes of small 
nebulce are ‘‘ white’’ nebulz: and not gaseous seems to be sub- 
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stantiated. Mr. Fath considers that down to his limit of bright- 
ness there would be about 160,000 nebule in the whole sky. He 
has found no indication that their planes are oriented in any 
systematic way.— Zhe Observatory, March, 1914. 


A Faint COMPANION TO CAPELLA.-— An interesting dis- 
covery has been made by Dr. R. Furuhjelm of Helsingfors 
Observatory, from measures made on plates of the Helsingfors 
sections of the Carle Photographique du Ciel. He finds that a 
faint star of photographic magnitude 106, slightly over twelve 
minutes of arc from Cafel/a, is physically connected with the 
bright star. The faint star has almost precisely the same proper 
motion as Cafe//a, both in direction and in amount. As Capella 
is itself a spectroscopic binary, the discovery of this distant 
companion adds additional interest to the system. 

The special interest of the discovery lies in the relatively 
very great distance of the faint companion from the bright star. 
Adopting Elkin's value for the parallax of Cafel/a, its distance 
from our system is roughly forty-one light vears, and the faint 
companion star is at least one-seventh of a light year, or over 
eight hundred billion miles from its bright primary.—H. ID. 
Curtis, in Publications Astronomical Society ef the Pacific, No. 


DO. 


DIURNAL VARIATIONS OF LATITUDE. — During the last 
vear M. Jean Boccardi, in discussing the results of his observa- 
tions for latitude made by the method of Struve, drew the con- 
clusion that an effect of lunar attraction was suggested by dis- 
placements from the vertical. As these displacements were 
considerably greater than those which he could calculate by 
theory he was led to conclude that these latitude variations were 
caused by geological conditions special to the place of 
observation. Having subsequently become acquainted with M. 


Schumann's researches on latitude variations in which he could 


race undulatory curves showing diurnal variations of latitude, 


M. Boccardi has completed some diagrams showing the march of 
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the latitude values. These diagrams are not published in the 
communication which he sends to the Comptes rendus of the Paris 
Academy of Sciences (February 9, 1914, No. 6); tables only are 
given, but he states that the maxima and the minima values of 
the latitude obtained with the four stars which he has observed 
follow one another at intervals which correspond to the move- 
ment made by the moon in right ascension during the correspond- 
ing intervals of right ascensions between the stars. Thus the 
action of the moon seems to be demonstrated. —— Na/ure, April 
16, 1914. 


Tur DARK SPACES IN THE Minky Way.— To sum up, it 
appears that, with the exception possibly of Courvoisier’s hydro- 
dynamical analogy, all the evidence which there is, as to whether 
the dark spaces are really holes or not, points to their not being 
so in general, but to their being caused by the absorption of what 
is probably a cool gas, an outer extension of the hotter and 
bright nebulosity which is usually to be found in connection with 
the dark spaces. The acceptance of this as the most probable 
explanation of the majority of these phenomena does not pre- 
clude us from holding that some of the dark spaces, especially 
some of the smaller ones unconnected with any nebulosity, are 
really holes. Further valuable evidence in favor of this theory 
of absorption would be forthcoming, if it could be shown that 
the small stars which appear in the middle of the spaces — not 
the bright stars which are usually involved in the nebulesity — 
are, in general, variable. Also, should this absorbing matter be 
in motion relatively to the stars, those at its edges would also 
appear to be variable. The solution of these questions requires 
the systematic and continuous observation of these regions, than 
which there might well be many less profitable lines of work. 
H. K. SHAw, in Observatory, No. 471. 


Ar THE Royal ASTRONOMICAL SOCIETY M&ETING April 
Sth, Miss Proctor gave an interesting account of the circum 
stances of her visit to New Zealand, leading to the munificent 
gift by Mr. Cawthron of 50,0001. for the establishment of a Solar 
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Observatory near Nelson. She explained how Mr. Evershed 
had gone to New Zealand, and after careful tests had fully 
approved of a site in the neighborhood of the town. Miss 
Proctor was congratulated on the happy result of her exertions, 
and on the motion of the President a special vote was passed and 
ordered to be sent to Mr. Cawthron in appreciation of his en- 
lightened generosity.— Journal British Astroncmical Association, 
March, 1914. 


HARVARD COLLEGE OBSERVATORY Bulletin 548.— A tele- 
gram has been received at this Observatory from Professor A. O. 
Leuschner, of Berkeley, California, giving elements and ephem- 
eris of Kritzinger’s Comet, computed by Professor Crawford and 
Miss Levy from observations on March 2% and 30, and April 1. 
A cablegram has also been received from Professor Kobold, of 
Kiel, Germany, giving elements and ephemeris computed by him 
from an observation on March 29, and two on March 30. These 


are as follows :— 


ELEMENTS 


(Crawford and Levy) (Kobold) 
of perihelion passage (T) 1914, May 31°34 May 31°14. G.M.T 
Perihelion minus node (a) 67” 13 67° 
Longitude of node (<2) 40° 198° 37° 
Inclination (1) 23° 36 23° 3! 
Perihelion distance (q) 1°254 1-256 
SvECTRAL ‘T'ypr.— The properties of the different spectral 


classes of stars present many puzzling features. Perhaps the 
most striking difficulty is that the type .J/ stars, generally 
regarded as the latest of the types, appear in parallax discussions 
(limited to the nearest stars) to be the faintest of the stars, 
whereas in the more general statistical discussions they appear 
to be nearly the brightest type. H.N. Russell ( 7Ae Obdserva- 
fory, Xxxvi., p. 324) has put forward the view that there are 
two distinct classes — Giant and Dwarf stars—in each type; 
the Giants being in a diffused state and in an early stage of evolu- 
tion, and the Dwarfs in a concentrated and later stage. The 
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order of evolution would thus be from .J/ (Giants) to 2 and back 
again to 7 (Dwarfs). Some objections to this view are noted 
by A. S. Eddington ( 7he Observatory, xxxvi., p. 467).—.Vonth/y 
Notices, R. A. S., February, 1914. 


THe LATE SiR ROBERT BALL told a story of how, arriving 
in a remote town in Ireland to give a lecture, he could not find 
the promised conveyance. Presently, all the other passengers 
having cleared off, he was approached by an Irish servant, who 
rather timidly inquired whether he was Sir Robert Ball. Receiv- 
ing the affirmative answer, he burst forth, ‘*‘ Sure, I am sorry to 
have kept you waiting, but I was told to look for an /nfellectual 
Note Book. 


Sir Issac Newron’s Howse, No. 55 St. Martin's Street, 
Leicester Square, London, is about to be pulled down, as it is in 
so ruinous a condition that any attempt to preserve it would be 
hopeless. This house is not only historic on account of the 
great philosopher's residence here from 1720 to 1725, but also as 
the home subsequently of Dr. Burney, the composer, and his 
daughter Fanny, who wrote her first novel, ‘° Evelina’’ here.—- 
Scientific American, March 21, 1914. 


STELLAR DyNAmics.— There appears to be conclusive 
evidence that the motions of the stars.are not appreciably dis- 
turbed by the approaches of neighboring stars, and that in con- 
sidering their orbits during the course of long periods of time we 
need only take into account the general or central attraction of 
the whole system. The most direct evidence for this is the 
continued existence of moving clusters, for ,if the casual en- 
counters of stars had an appreciable effect, these could not 
remain undissolved.--A. S. in .Vonth/y Notices, 
R. A. S., February, 1914. 


NOTES AND QUERIES 


Communications are Invited, Especially from Amateurs. The Editor will try to 
Secure Answers to Queries. 


COINCIDENCES 

In our daily life we are continually meeting with coinci- 
dences, some of them remarkable, and often causing us to halt 
and seriously question whether there is not some real connection 
between the events. Oliver Wendell Holmes in 7he Professor at 
the Breakfast Table has a famous reference to this matter, as 
follows 

There are about as many twins in the births of thoughts as of children, For 
the first time in your lives you learn some fact or come across some idea. Within 
an hour, a day, a week that same fact or idea strikes you from another quarter. 
It seems as if it had passe:l into space and bounded back upon you as an echo 
from the blank wall that shuts in the world of thought. Yet no possible connection 
exists between the two channels by which the thought or the fact arrived. 

‘The Professor’ next proceeds to give an_ illustration, 
relating an old College trick and he then continues :— 

Now the odd thing was, that, after waiting so many years to hear of this 
College trick, [ should hear it mentioned a second ime within the same twenty-four 
hours by a College vouth of the present generation, Strange, but true. And so 
it has happened to me and to every person, often and often, to be hit in rapid 
succession by these twinned facts or thoughts, as if they were linked together like 
chain-shot. 

A tew weeks ago I was reading ‘‘ A Handbook of Physics’’ 
by W. H. White, an excellent book of science, in which the 
author, apparently bubbling over with humor, continually intro- 
duces novel ideas and witty remarks. On page 1, referring to 
the unit of time he says: 

Of the longer intervals of time the lunar month is the most easily observed ; it 


was the unit of the Chaldzans and doubtless the ‘ year’ of Methuselah. 
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This was a new idea to me and a very reasonable one, too. 
Imagine my surprise when, about a week later, on reading 
Lockyer’s ‘‘ Stonehenge and other British Stone Monuments I 
came across the following, on page 18: 


We must not forget that first of all the farmers tried to plough and sow by the 


moon. We can see how hopeless agriculture must have been under such condi 
tions. Tie month, indeed, was the only unit of time employed, even of human 
life. We hear of people who lived 1200 years; this means 1200 months--there is 


no question whatever of that now, 


But the most striking coincidence I think I ever heard of 
was mentioned at a recent meeting of the Society at Toronto 
The question had been asked whether the equality of the rota- 
tion and revolution periods of the moon was a pure chance coin- 
cidence, or due to some physical cause. The conclusion reached 
was that the latter was the case, but in the discussion Dr. A. D. 
Watson related an extraordinary illustration of coincidences from 
his own experience, as follows : 

‘* T had practised medicine for fifteen vears without having 
a single patient whose name rhymed with ‘ music’, when one 
morning a man came to my office, complaining of heart trouble, 
whose name was useck. After dealing with his case and 
dismissing him, I invited the next patient in from my reception 
room, and found that he also was suffering from heart conditions, 
and his name was Cusack. After he was dismissed I returned to 
the reception room and found a little girl, who asked me to go 
and see her father who, she said, had a terrible pain over the 
heart. I asked her what his name was and she said it was 
Musick. 

These three patients were all out of my hands in two weeks, 
and I have practiced medicine for fifteen years more without 
having another patient whose name rhymed with ‘ music’.’ 


ANOTHER GREAT FEBRUARY METEOR 
The great meteoric display of February 9, 1913, has occupied 
much space in the JouRNAL; and it was remarked that many 


striking meteors are often seen near that date of the vear. Mr. 
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W.H.S. Monck, of Dublin, Ireland, sends mea clipping from 
the London Daily Express, of February 19, 1914, in which is 
given an account of a meteor fall on Friday, February 13, 1914. 
It was sent by Marconi Wireless from New York under date 
February 18 and says: 

The Red Star liner Zafland and the Anchor liner Co/wmébia which arrived 
to-day, brought new evidence of the fearful conditions which have prevailed in the 
Atlantic Ocean during the past week. 

At the height of a hurricane, accompanied by sleet, a meteor burst at 9.30 
p-m. on 13th February, alongside the Zaf/and/. Captain Bradshaw describes the 
occurrence as follows : 

**T was on the bridge and saw a tremendous ball of fire coming through the 
storm. It exploded 200 feet from the ship, and the air seemed filled with fire for a 
fraction of a second. The Lafland’s superstructure was lighted up and then all 
was darkness, 

The meteor burst with a roar like a cannon. T thought my last hour had 


come.” 


THE VELOCITIES OF 2-TYPE STARS 
Professor Frost has written me in reference to a quotation 


in my review of Campbell's ‘' Stellar Motions’’ in the last issue, 
which, without further reading of the book, might give a wrong 
impression, 

From page 207 I quoted a table giving the average radial 
velocities of the stars arranged according to their types, the 
value for the O and # spectral classes being stated as 89) km. 
per second. This value was obtained by using 141 stars, but it 
appears to be too high. On page 206 the average radial velocity 
of twenty Class /? stars published by Frost and Adams is given 
as 7 km. per second ; while on page 209 is a more detailed series 
of computed velocities. Four different sets of B-type stars give 
values ranging from 6°21 to 6°66 km. per second. 

The spectrograms of these early-type stars are difficult to 
measure and reduce, and the Yerkes Observatory has made a 
specialty of this not very inviting work. The average radial 
velocity is undoubtedly between 6 and 7 km. per second. The 
results obtained by Kapteyvn and Boss confirm this value. 
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CHANGES ON THE MOON 


Years ago much interest was aroused by the statement that 
changes were observed in the crater Linné, in the Sea of Serenity; 
and more recently alterations in Gassendi were reported. Some- 
thing similar has been observed by Professor W. H. Pickering, 
who is in charge of the Jamaica Station of the Harvard College 
Observatory, and the announcement is the more interesting in 
that the phenomena can be seen with a small telescope. Under 
date March 10, 1914, Harvard Pudl/etin, No. 544, contains the 
following details :— 

Attention was called to the lunar crater, Einmart, in 4. WV. 4704. It is there 
stated that its interior was very brilliant in January, 1913, but since March had 
been very much darker. This darkness persisted throughout the remainder of the 
year, and through January of this year. In February, however, it again brightened 
up, being about as bright as it was in February, 1913, though by no means as 
brilliant as in January of that vear, As it is a large crater, 25 miles in diameter, 
the brightness of its interior may be easily observed, even with a small telescope 


and under unfavorable atmospheric conditions. This past month it has been 
clearly brighter than any area of similar size between it and the limb. This had 
not ete the case since the previous March. In the preceeding January it was 
the brightest area of that size, visible at that time upon the moon. All observa- 
tions should be made immediately following the first quarter, 

The interior is full of fine brilliant detail, constantly varying, not only from 
night to night, but also from month to month. This observation is, however, 


probably too ditheult for any northern telescope, since it requires not merely one, 


but a succession of fine nights. 


DEATH OF DR. E. S. HOLDEN 


Kdward Singleton Holden was born in St. Louis, Missouri, 
on November 5, 1846, and died at the U. S. Military Academy, 
West Point, N. Y., on March 16, 1914. 

He graduated with the B.A. degree from Washington 
University, St. Louis, in 1866, where William Chauvenet, the 
author of the well-known ‘* Manual of Spherical and Practical 


Astronomy’ was professor of Mathematics and Astronomy. In 
IS71 Professor Chauvenet’s daughter Mary became Holden’s 


wife. George P. Bond, his cousin, was director of the Harvard 
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College Observatory from 1859 to 1865 ; and we are not surprised 
that Holden became interested in astronomy. From 1866 to 
1870 Holden was a cadet at West Point, graduating third in his 
class. In 1875 he became professor of Mathematics in the U.S. 
Naval Observatory, at Washington, where he came into close 
professional relations with Simon Newcomb, whom he impressed 
favorably with his industry and ability. In 1881 Holden became 
director of the Washburn Observatory, University of Wisconsin, 
where he remained until 1885, in which year he was appointed 
President of the University of California and Director of the Lick 
Observatory. He retained this dual position until the Observa- 
tory was completed in 1888 and on June 1 of that year he became 
its active head. His directorship lasted until December 351, 
1897. From 1901 until his death he was librarian of the West 
Point Military Academy. 

Dr. Holden’s work as adviser during the founding of the 
Lick Observatory and as its first director has for us chief interest. 
He gathered about him a body of young astronomers who have 
made much astronomical history. Soon after the Royal Astro- 
nomical Society of Canada was incorporated in 1890 Dr. Holden 
was made an honorary member. 

Dr. Holden published a large number of books and mono- 
graphs on astronomical subjects, and one cannot read them 
without realising that a master hand was wielding the pen. But 
his interests were not confined to only one field. He is the 
author of works on engineering, on Hindu history, on heraldry 
and on many other subjects. He was honored by many 
universities and learned societies, while distinctions by foreign 


nations were bestowed upon him. 


A LIST OF OBSERVATORIES AND ASTRONOMERS 


A few years ago a committee of the Royal Observatory of 
Belgium, which is located at Uccle, published an extremely useful 
list of observatories, astronomical societies and astronomers 


(professional and amateur) of all countries. A new edition is 
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now being prepared and the committee desires to make their 
list complete. To this end all astronomers are asked to send 
their names, brief descriptions of their equipment and_ their 
specialties to the chairman of the committee, Professor P. 


Stroobant, Royal Observatory, Uccle, Belgium. 


IS THIS PHILOSOPHY OR ART? 


A friend calls my attention to the following contribution to 
knowledge, found in the 7he /laming Sword for December 1913. 
I fear I should have to read the new Standard Dictionary several 
times before I would comprehend its meaning. But perhaps 
some of our readers may be enlightened by it 

The moon is not a direct reflection of the earth’s surface against the con- 
tiguity of our present oxygen with the hydrogen atmosphere above us, but the 
consecutive storage reflections of the various planes of metallic strata responding 


‘ 


to the penetration of solar *‘ energy.” We have in the moon a vague but correct 
outline of the surface of the earth implanted by a storage process and viewed by us 
us a complex reflection of the concavity of the earth. We see Europe, Asia, 
\frica, North and South America, Oceanica, the waters of the earth, etc., pictured 
for our inspection in outline above us. 


DOES THE MOON GET WET WHEN IT RAINS? 

A brother professor relates the following incident. He had 
lectured at some length on the moon, dwelling upon the lack of 
atmosphere and water. A lady in a front seat looked up in 
wonder and asked: ‘‘ Does not the moon get wet when it 
rains ?”’ 
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